ABSTRACT -The objective of the study was to analyze the effect of season, parity, stage of lactation and milking procedures on teat-end condition, cow cleanliness and milk somatic cell count (SCC) and identify risk factors associated with milk somatic cell counts greater than 100,000 cells/mL. A group of 15 Italian dairy farms were visited three times during different seasons: the cold (3.8 °C), the hot (23.5 °C) and the mild (12.1 °C) seasons. Hygiene of udder, flanks and legs was scored on 2,330 cows based on a 4-point scale system, from very clean (score 1) to very dirty skin (score 4). On the same cows, a total of 9,201 teats were assessed for teat-end condition and assigned to four different classes of hyperkeratosis: No lesion (N), Smooth ring (S), Rough (R) and Very rough skin (VR). The average percentage of teats classified in the worst classes of hyperkeratosis (R and VR) equaled 15.9%. Teat hyperkeratosis, cow cleanliness and milk somatic cell count were significantly affected by the season. Teat condition was significantly better in primiparous than in multiparous cows and deteriorated during lactation. Cows with the lowest values of SCC, better teat conditions and better hygiene scores were found in the farms where more than one milking practice (among forestripping, pre-dipping and post-dipping) were performed. Multivariate logistic analysis confirmed that parity and days of lactation significantly influence the risk of high somatic cell count. Among environmental and management aspects, clean udders and pre-dipping are associated with a reduced likelihood to have individual cows with milk SCC greater than 100,000 cells/mL. Teat hyperkeratosis does not seem to be a risk factor of high SCC. Milk somatic cell count can be lowered by means of simple actions such as improvement of hygiene condition of cow environment and adoption of pre-dipping.
Introduction
Bovine mastitis is the most frequent disease in dairy farms and has a significant impact on dairy farming business (Espeche et al., 2012) . In Italy the cost of mastitis is estimated at 318 euros/head (Zecconi and Di Bella, 2013) and is one of the major causes of cow culling.
Teat canal is the first barrier against the invasion of mastitis pathogens into the udder and the integrity of the teatend tissue around the teat orifice is an important resistance factor to bacterial colonization of the quarter. A mild teatend hyperkeratosis is a normal physiological response to the forces imposed by milking. Under correct milking conditions it may reflect a healthy balance between the rate of keratin removal during milking and its regeneration within the teat canal. Improper milking management and machine factors (e.g., overmilking, high vacuum) can lead to more severe degrees of hyperkeratosis (Mein et al., 2001 ). Other major factors affecting teat-end conditions include teat-end shape, seasonal and environmental conditions, milk yield, stage of lactation and parity (Mein et al., 2001; Timms and Morelli, 2008) .
A severe degree of hyperkeratosis and roughness of the teat end is associated with clinical mastitis ) and increased risk of new intramammary infections (Zecconi et al., 2003) . Teat skin lesions can be colonized by a variety of bacteria, serving as a reservoir of infection (Paduch et al., 2012) .
Cow cleanliness is an important indicator of cow welfare (Ellis et al., 2007) and is one of the critical factors influencing bacterial contamination of milk , somatic cell count (SCC) and subclinical intramammary infection rate (Schreiner and Ruegg, 2003) . The contamination level of teats and udder surface depends on many factors: cubicle design, available space per cow, bedding material and management, and time spent by cows in the cubicles (Köster et al., 2006) . Moreover, seasonal and environmental conditions could influence cow cleanliness; during the rainy and snowy seasons it is more difficult to keep cow bedding and alleys clean, with consequent increasing amount of dirt on legs, flanks and udders .
Pre-and post-milking teat care is essential to obtain high-quality milk with low microbial contamination level and low SCC: proper teat-end disinfection before cluster attachment can reduce teat surface bacteria by 75% and is effective in controlling mastitis caused by environmental and contagious pathogens (Ruegg and Dohoo, 1997; Huijps et al., 2010) . Furthermore, pre-milking preparation is essential to obtain a continuous and rapid milk removal of cisternal and alveolar milk and to avoid prolongation of milking time with consequent risk for udder health (Sandrucci et al., 2007) and teat-end callosity development (Neijenhuis et al., 2000) .
The first objective of the study was to analyze the effect of season, parity, stage of lactation and milking procedures on teat-end condition, cow cleanliness and milk somatic cell count. The second objective was to identify risk factors associated with a milk somatic cell count greater than 100,000 cells/mL, with particular emphasis on factors related to teat condition and cow hygiene.
Material and Methods
The study involved a group of 15 intensive Italian dairy farms located in Northern Italy. Each farm was visited three times in a year, during the cold (December, January and February), the hot (June and July) and the mild seasons (April and October) at evening milking. Information pertaining to housing systems, milking equipment, and milking routine were collected through personal interviews with farmers. Environmental temperature data were obtained from the database of the Regional Weather Bureau (ARPA, 2009).
Immediately after milking-claw detachment, teat-end condition was assessed following the guideline of Teat Club International (Mein et al., 2001 ). In particular, four different levels of hyperkeratosis were identified: No ring (N), the typical status of teat immediately after the start of lactation; Smooth ring (S), a raised ring with no roughness or only mild roughness and no keratin fronds; Rough (R), a raised roughened ring with isolated fronds of old keratin extending 1-3 mm from the teat canal orifice; and Very Rough (VR), a raised ring with rough fronds of old keratin extending >4 mm from the orifice. The percentage of cows with at least one teat classified as R or VR was calculated.
At each farm visit hygiene scores of all lactating cows were assessed through direct observation in milking parlour. Udder, flanks and legs of each cow were scored based upon a 4-point scale system, where score 1 indicated very clean skin while score 4 indicated skin completely covered with dirt (Schreiner and Ruegg, 2003) .
Individual milk production as 4%-fat corrected milk (FCM, kg/d), milk fat (%), milk protein (%), SCC (cells/mL), days in milk (DIM) and parity of each cow were obtained from the database of the official milk tests of the Italian Breeders Association. Individual SCC were converted into Linear Scores (LSSCC) through the following equation: LSSCC = log 2 (SCC/100,000) + 3 (Wiggans and Shook, 1987) .
Data collected during the cold, hot and mild seasons were analysed using proc FREQ, proc NPAR1WAY and proc GLM (SAS 9.1).
The model used for testing the effect of season, parity, and milking routine was:
, in which Y ijklmn = dependent variables; µ = overall mean; S i = effect of season (i = cold, mild, hot); P j = effect of parity (j = primiparous, multiparous); M k = effect of milking routine (k = one practice, more than one practice; among forestripping, pre-dipping and post-dipping); F l (M k ) = effect of farm (1-15) nested in milking routine; L m = effect of stage of lactation (m = ≤100 DIM, 100-200 DIM, >200 DIM); and e ijklm = residual error.
A multivariate logistic analysis was performed (LOGISTIC procedure; SAS, version 9.1) to identify the variables associated with SCC and to assess the odds ratios for a cow to have milk SCC greater than 100,000 cells/mL. Logistic regression analysis examined all the possible interactions among variables. Variables or combinations of variables (interaction terms) were excluded through a stepwise backward method based on a 10% significance level. The end results of the analysis were final models including those variables (risk factors) that were significantly associated with SCC milk content. The final models were described in terms of odds ratios, 95% confidence intervals.
Results
A total of 2,330 cows in 15 farms were scored during evening milking to assess teat-end conditions (on 9,201 teats) and hygiene scores. Dairy cows were kept indoors all year round in loose-housing systems; in 12 farms cows were housed in cubicles, with straw (six farms), sawdust (five farms) or sand (one farm) as bedding material, while in the remaining three farms cows were on straw yards. All the cows were milked in milking parlors, parallel or herringbone type, with a number of milking units included between 5 and 20. Eleven farms had automatic cluster removals.
The average number of lactating cows per farm was 77, with a minimum value of 13 and a maximum value of 130; most of the animals were Italian Holstein cows. In all the farms cows calved all year round. The percentage of primiparous cows was different among farms with a minimum value of 16.7% and a maximum of 73.9% (Table 1) . Average daily milk production, expressed as fatcorrected milk, was 31.0±9.7 kg/d; milk fat was on average 3.85±0.81%; milk protein was 3.45±0.44%; and LSSCC was 2.90±1.70 (Table 1) .
Regarding teat-end condition (Figure 1) , only 12.9% of the teats were classified as rough (R) and 2.98% as very rough (VR). About one-third of the teats (32.3%) were assigned to the N class (no ring).
Average hygiene scores for flanks, legs and udders were 1.95±0.84, 2.42±0.77 and 1.77±0.71, respectively. Legs were the areas of the cow body most frequently scored as 3 and 4 (Figure 2) .
Differences in outside temperatures were observed among the three periods of farm visits: mean values were 3.8 °C (with a minimum of −6.4 °C) in the cold season; 12.1 °C during the mild season, and 23.5 °C (with a maximum of 28 °C) in the hot season.
Milk production was influenced by season: the lowest production occurred during the mild season. Average DIM the three seasons were similar: 168±116 d in the cold, 181±124 d in the mild and 196±121 d in the hot seasons. Teat-end condition was significantly affected by season, with the worst result obtained during mild season (Table 2) . Season significantly influenced cow cleanliness; in particular leg and flank hygiene scores were higher during the cold season. Also LSSCC was different (P<0.01) between the hot and mild seasons, with a higher value during the former.
The parity of cows enrolled in the study was on average 2.25±1.33. The percentage of cows with at least one teat scored as R and VR was lower among primiparous cows than multiparous ones and the effect was significant (Table 3) .
The stage of lactation had a significant impact (P<0.001) on teat-end condition; at the beginning of lactation (<100 DIM) the percentage of cows with at least one teat classified as R and VR was lower (19.9%) compared with mid and late lactation (27.2% between 100 and 200 DIM and 28.0% above 200 DIM). Farms involved in the study performed different milking routines combining a variable number of milking practices: in particular eight farms executed pre-dipping, forestripping and post-dipping, three farms carried out forestripping and post-dipping, three farms adopted only post-dipping and one farm only pre-dipping. The lowest percentage of cows with at least one teat scored as R and VR, the best hygiene scores and the lowest milk LSSCC were found in the farms where more than one milking practice was performed (Table 4) .
Multivariate logistic analysis was performed to identify the risk factors associated with SCC content in milk (Table 5) . Among the variables analyzed, stage of lactation was an important risk factor: cows in late lactation (>200 days in milk) had higher risk to have SCC≥100,000 cells/mL than cows in early and mid lactation. Parity was associated with the risk of high SCC: multiparous cows have almost twice the risk of having SCC higher than 100,000 cells/mL than primiparous cows. Moreover, cows characterized by udder hygiene scores 3 or 4 had 1.5 times greater risk to have high SCC than cows with clean udders. Teat score was included in the model for LOGISTIC analysis but it did not overtake the threshold of significance of 10%. 
Discussion
The results of teat-end condition scoring showed that the sum of worst classes of hyperkeratosis, R and VR, was 15.9%, similar to the result reported by Zucali et al. (2008) and lower than the target level of 20% recommended by Teat Club International (Mein et al., 2001) . Neijenhuis (2004) observed 17% of R teats. The same author (Neijenhuis, 2004) reported also that teats without any callous ring had a higher risk of clinical mastitis compared with teats with a thin ring, because of the lack of the defense barrier provided by keratin. On the other hand, thicker hyperkeratosis increased the incidence of clinical mastitis.
Regarding cleanliness, average udder hygiene score was lower than leg and flank ones according to the results of Schreiner and Ruegg (2003) .
Season influenced teat-end conditions and the worst result was during mild season. In Northern Italy, spring and fall are generally characterized by high environmental humidity, which could favor the presence of mud on the teats. As reported by Mein et al. (2001) , when mud dries it draws moisture from the skin, which becomes less elastic and can get easily cracked. Other authors (Timms and Morelli, 2008) found significantly poorer teat condition during cold periods.
Significant seasonal effects were also obtained for cow cleanliness: flanks and legs were dirtier during the cold season than in the other ones. This result could be caused by the difficulty to keep cow bedding and alleys dry and clean during the rainy and snowy seasons, with the consequent increase in manure on legs and flanks . No differences were found during different periods for udder hygiene score.
The higher LSSCC during mild season is in contrast with the results of some authors who recorded higher bulk milk SCC during summer, as a consequence of an increase in the proportion of chronic or new high individual cow SCC (Green et al., 2006; Olde Riekerink et al., 2007) .
The effect of parity on teat-end condition could be associated with the differences in production level between primiparous and multiparous cows and, as a consequence, with different milking durations (Shearn and Hillerton, 1996; Neijenhuis et al., 2000; Neijenhuis et al., 2001) . Neijenhuis (2004) underlines that parity is one of the cow factors, with lactation stage and udder anatomy, that influences teatend hyperkeratosis. Milk somatic cell count, expressed as LSSCC, was lower in first-parity cows than in multiparous ones, as found by many authors (Leavens et al., 1997; Schepers et al., 1997; Souza et al., 2005) .
Teat-end condition deteriorated during lactation; this is partially in contrast with the observations of other authors Gleeson et al., 2007) who reported an increase in teat-end callosity until 4-5 months of lactation and a decrease thereafter.
In this study the lowest milk LSSCC were associated with more than one milking practice. Pre-and post-dipping reduce milk SCC decreasing the risk of intramammary infections (Jayarao et al., 2004) ; forestripping removes the milk fraction characterized by the highest SCC (Sarikaya and Bruckmaier, 2006) .
In our study the combination of various milking practices showed a positive effect on teat-end condition. Some authors (Gleeson et al., 2004; Neijenhuis, 2004) observed an increase in teat hyperkeratosis with the use of post milking disinfection, probably as a consequence of chemical irritation induced by some disinfectants.
Farms that carried out more than one milking practice had cows with better hygiene scores not only at udder level but also in terms of flank and leg cleanliness. This result suggests a special attention by the farmers both to milking routine and to the cleanliness of the cow environment (bedding materials, alleys).
The multivariate logistic regression confirms the results of previous studies that showed an increased risk of high SCC with stage of lactation (Laevens et al., 1997; Breen et al., 2009 ). Moreover, parity was associated with the risk of high SCC, as obtained by other authors (Laevens et al., 1997; Breen et al., 2009) . Cow cleanliness, in particular udder hygiene score, was an important risk factor of high milk SCC, supporting the results of Schreiner and Ruegg (2003) .
Among pre-and post-milking practices, pre-dipping was associated with lower risk of high SCC according to the results of Jayarao et al. (2004) . No association was obtained between teat-end hyperkeratosis and SCC as reported by Shearn and Hillerton (1996) .
Conclusions
Teat-end and hygiene scoring are easy and quick methods, which can give clear and noticeable information about teat condition and cow cleanliness of the herd. They are also useful indicators of the quality of management and the welfare of the herd.
Teat-end score, hygiene scores and milk somatic cell count show important variations among seasons and are influenced by parity, stage of lactation and milking practices.
Multivariate logistic analysis confirmed that cow traits, such as parity and days of lactation, significantly influence the risk of high somatic cell count in milk. Among environmental and management aspects, clean udders and pre-dipping are associated with reduced risk to have milk somatic cell count greater than 100,000 cells/mL. Teat-end score does not seem to be a risk factor of high somatic cell count.
Milk somatic cell count can be lowered by means of simple actions such as improvement of hygiene condition of cow environment and adoption of pre-dipping.
